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ABSTRACT
Loss of habitat is one of the primary factors affecting population declines sfagrabirds,
and recovery efforts have focused on increasing the amount of grasslantihahéa
landscape. Assessing the value of habitat restorations for grassland hirdssgiatial
component of grassland bird conservation. We compared grassland bird habitat use,
reproductive success, nestling growth rates, nestling baseline corticostarddood
glucose levels among restored grasslands planted with seed mixes of vaagirgppties
diversity. In addition, we tested the ability of a conspecific song playbabtdnsyo attract
Henslow’s sparrows to previously unoccupied restored habitat. We selectedldrgras
planting types, cool-season, warm-season (newly planted and mature), anddvigitydor
our study to encompass the range of planting mixtures typically avaitalaled managers.
The most common bird species we encountered were Bobblaticlionyx oryzivorus),
Common YellowthroatGeothlypistrichas), Red-winged BlackbirdXgelaius phoeniceus),
and Sedge WrerC{stothorus platensis). Bird densities overall were not consistently higher
or lower in any one of the 4 planting types. Bobolink densities, however, were mgher i
Cool-season fields than in any of the other field types. Models of the relapisitetween
bird density/bird species richness and habitat characteristics reveatidéwdth vegetation
characteristics and food resources were important in explaining grassthdeérsities. Our
habitat models showed that different species, even those within a speaesy;atere
influenced by different habitat characteristics. Given the importancgbteason, non-
native grass plantings for Bobolinks in our study, consideration must be given to tlee impa
that elimination of these plantings may have on the future of Bobolink populations. Red-

winged Blackbird nest survival was influenced by year, visual obstruction, aativain



the availability of invertebrate food resources throughout the nesting seasooule f
evidence for a difference in daily nest survival among planting types (P=0.0&)fiBlg,
estimated nest survival was more than twice as high in mature warm-sefso(8666)

than in cool-season fields (14%). Red-winged Blackbird nestling size at flediffergd
among grassland planting type. Male nestlings were larger than feah&kdging with
regard to mass, wing, and tarsus measurements. Nestling growth dates differ either
among grassland restoration planting types or between sexes. Invertebdatesburce
availability did not appear to affect growth rates of nestling Red-wiB¢gekbirds. Red-
winged Blackbird nestling baseline corticosterone levels were lowbeiwarm-season
planting type than in either cool-season or high diversity plantings. We found nocevife
differences in baseline corticosterone levels or blood glucose levels hetvades and
females. We found no relationship between baseline corticosterone levels andasedy m
between baseline corticosterone levels and blood glucose for male o feestings.

Blood glucose levels in male nestlings had a significant positive relaijpowsth nestling
mass, but not in female nestlings. Management activity and brood size had positive
relationships with baseline corticosterone, suggesting that more interesmnagement
activity and larger brood sizes were related to increased stress leeskiingNage and
temperature during the nestling period were positively related to blood glevete |We
successfully attracted Heslow’s Sparrows to 3 of 7 treatment plots using ciiogmng
playbacks and we found no Henslow’'s Sparrows in control plots. The addition of social cues
using playback systems in restored grassland habitats may aid conses¥fatits of
Henslow’s Sparrows to available habitat. We conclude a variety of plantirgagpe

management strategies may be necessary to successfully consesiengrhirds.



CHAPTER ONE: GENERAL INTRODUCTION

As a result of rapid settlement and conversion to agriculture, the tallgeass pr
ecosystem of North America is one of the most endangered ecosystems onneisinth (S
1981, Noss et al. 1995) and in lowa, less than 0.01% of the original 12 million hectares of
prairie remains (Sampson and Knopf 1994). Loss of habitat is one of the primary factor
affecting population declines of grassland birds over the last several decadest(H95,
Fletcher and Koford 2003, Herkert et al. 2003). Efforts to aid in the recovery dagrass
bird populations have focused on increasing the amount of grassland habitat in the landscape.
However, the extent to which the ecological function of these plantings has beeades
unknown.

Recent habitat restoration efforts focused on mitigating externabenvental
threats alone, such as habitat destruction, may not be enough to conserve impeiled song
species (Ward and Schlossberg 2004, Ahlering and Faaborg 2006). Animal behavior has
recently been recognized as playing an important role in species coise(\Wsrd and
Schlossberg 2004, Ahlering and Faaborg 2006). Social information and conspecifioattrac
may be important for many species. In fact, a recent review found that in 20 outodi24 s
examining conspecific attraction in songbirds, birds were successfullgtattrusing social
cue manipulation (Ahlering et al. 2010). In territorial songbirds, the presenoasgecific
individuals may provide important cues about habitat use.

Grassland vegetation structure is a key habitat component for grasslanddsongbi
(McCoy et al. 2001, Chapman et al. 2004). Seed mixtures used for grassland plantiegs in t
Midwest vary widely. Thus, the resulting vegetation structure and composition vary

significantly among different types of restored grassland planting€d¢ylet al. 2001). The



plant species diversity in seed mixes used for grassland restorationgdanag have
lasting effects on the resulting grassland bird community.

Because grassland bird food resources in the form of arthropods vary with plant
diversity (Jamison et al. 2002, Benson 2003, Leathers 2003, Harveson et al. 2004, Sutter and
Ritchison 2005), the choice of planting mix for a grassland restoration may have mhporta
implications for the reproductive success of grassland birds. The avgilabiibod
resources near the nest location may contribute to the success or fagtasstdnd bird
nests. Birds spend more time foraging and fly longer distances to foragehelrenests are
located in areas with reduced food availability (Adams et al. 1994). Sparlihg200¥)
found that, for Red-winged Blackbird&delaius phoeniceus), habitat types with the lowest
invertebrate diversity had the lowest levels of nest success. Birds it loeir nests in
areas with high food availability may need to spend less time off the negihfpfar food.

Less time spent away from the nest may translate into lower nest pneaiati brood
parasitism. Food supplementation of Song Sparrdetogpiza melodia) lowered nest
predation rates through its influence on adult antipredator behavior (Rasto@0€16). In
addition, Dearborn et al. (1998) found that parental nest attendance is an important
component of nest defense, and therefore, an important component of nest success.

Nestling growth rates in altricial birds are influenced by matgraal factors related
to the availability of food resources (O’Connor 1984). Both the quality and quantity of food
delivered to young in the nest are potentially important in determining growth and
reproductive success (Boag 1987, Reynolds et al. 2003, Granbom and Smith 2006). Food
resources may affect nestling growth rates differently in diffengtess (Granbom and

Smith 2006). Differences in how food resources influence growth rates may bd telat



food resource variability among habitat types and may depend on whether foodeeswar

a limiting factor in those systems. Avian growth rates may also diffardeatsonally and

annually within habitats. Estimates of food resource availability fociiveeous birds have

been measured as parameters of interest in the study of avian systergsof Magse studies

have found that food availability is associated with bird abundance in both grassland and

forested systems (Brush and Stiles 1986; Davros 2005, Benson et al. 2007).
Corticosterone is a steroid hormone that is released by the adrenal compkponse

to stress in vertebrate animals (Siegel 1980). Baseline corticostevelsitteblood plasma

are associated with food resource availability in birds (Kitaysky 88D, Saino et al. 2003,

Schoech et al. 2004, Pravosudov and Kittaysky 2006, Jenni-Eiermann et al. 2008). Increased

baseline corticosterone levels have been associated with poor feeding condiéidak and

developing birds (Saino et al. 2003, Pravosudov and Kitaysky 2006, Kempster et al. 2007,

Jenni-Eiermann et al. 2008). In addition, plentiful food resource availability kadibked

to lower baseline corticosterone levels. Baseline corticosterons leet also been used as

indicators of habitat quality in birds. In a study of American Redst&atisphaga ruticilla),

birds in lower quality habitat had higher baseline corticosterone levels thanrhagher

guality habitat (Marra and Holberton 1998).

Blood glucose levels in birds are higher and more variable than in other vedebrate
(Braun and Sweazea 2008, Lobban et al. 2010). It is unknown how birds can tolerate these
higher and more variable blood glucose levels without experiencing the nesjégnts,
such as tissue damage and death that can occur in other animals (Beuchat arid@8jong
Blood glucose levels are a reflection of the diet and the recent level of fasdiamgby

birds (Davey et al. 2002) and blood glucose levels in birds have been shown to be affected by



experimental food restrictions (Altan et al. 2005, Kempster 2007). Blood glucosereaael
provide an additional indicator of an individual's physiological condition.

Red-winged Blackbirds are one of the most common bird species in North America
(Beletsky 1996). They nest in a variety of habitat types including maasklesplands
(Beletsky 1996, Swain et al. 2003, Sparling et al. 2007). Because of their adaptability t
different habitats, they provide an excellent opportunity to evaluate differencest

survival, nestling growth, and physiological condition among different hajpgest

Dissertation Organization

This dissertation is composed of seven chapters. Chapter one contains a general
introduction to the dissertation. Chapter two is a paper written to be submittedaarttes
of Wildlife Management. Chapter two compares grassland bird habitat use among restored
grasslands planted with seed mixes of varying plant species diversity. Ghegxds a
paper written for submission to the jourfabktoration Ecology. Chapter three examines the
effects of grassland restoration planting type and invertebrate food resaaitability on
the reproductive success of a grassland specialist, the Red-wiragddhiBl Agelaius
phoeniceus). Chapter four is a paper written to be submitted to\helife Society Bulletin.
Chapter four examines whether nestling growth rates and nestling dedgatd differed
among grassland restoration plantings with varying plant species diarditp examine
how the availability of invertebrate food resources affected the groteth ehgrassland
songbirds. Chapter five is a paper written for submission tdotiv@al of Wildlife
Management. Chapter five examines how restored grassland habitat type affects the

physiological condition of nestling Red-winged Blackbirds in grasslands. €apis a



paper that is published ifhe Prairie Naturalist. Chapter six tested the ability of a
conspecific song playback system to attract Henslow’s sparrows to pitgwiooscupied
restored habitat. Chapter seven contains a general conclusion to the disserthtion. A
components of this dissertation including data collection, data analysis, atet \axt were

completed by Jennifer A. Vogel under the guidance of Rolf R. Koford and David L. Otis.
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CHAPTER TWO: BIRD RESPONSE TO ENHANCED VEGETATION DIVERSIT Y
IN GRASSLAND RESTORATION PLANTINGS

A paper to be submitted to tBeurnal of Wildlife Management
Jennifer A. Vogé, Rolf R. Koford, and David L. Oti%
!Department of Natural Resource Ecology and Management, lowa Stateditpj\emes,
IA, USA
2U.S. Geological Survey, lowa Cooperative Fish and Wildlife Researchlowi State

University, Ames, IA, USA

ABSTRACT Loss of habitat is one of the primary factors affecting population declines of
grassland birds, and recovery efforts have focused on increasing the amousslahdra
habitat in the landscape. We compared grassland bird habitat use among ressstaddy
planted with seed mixes of varying plant species diversity. We selectadslagd planting
types, cool-season, warm-season (newly planted and mature), and highydifareur

study to encompass the range of planting mixtures typically availabledaerlanagers. The
most common bird species we encountered were bob@ioikchonyx oryzivorus), common
yellowthroat Geothlypistrichas), red-winged blackbirdAgelaius phoeniceus), and sedge
wren (Cistothorus platensis). Bird densities overall were not consistently higher or lower in
any one of the 4 planting types. Bobolink densities, however, were higher in cemisea
fields than in any of the other field types. Given the importance of cool-season, iven-nat
grass plantings for bobolinks in our study, consideration must be given to the impact that
elimination of these plantings may have on the future of bobolink populations. Our habitat

models revealed that both vegetation characteristics and food resources wetaninnpor
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explaining grassland bird densities and that different species, even thuiseavgpecies
category, were influenced by different habitat characteristics. Tnerafe conclude a
variety of planting types and management strategies may be necessacydssfully
conserve grassland birds.

KEY WORDS grassland birds, Conservation Reserve Program, habitat restoration

INTRODUCTION

As a result of rapid settlement and conversion to agriculture, the tallgeass pr
ecosystem of North America is one of the most endangered ecosystems onneisinth (S
1981; Noss et al. 1995). Loss of habitat is one of the primary factors affecting population
declines of grassland birds over the last several decades (Herkert 18&erred Koford
2003; Herkert et al. 2003). Efforts to aid in the recovery of grassland bird populations have
focused on increasing the amount of grassland habitat in the landscape. Howevégnthe ex
to which the ecological function of these plantings has been restored is unknown.

In lowa, less than 0.01% of the original 12 million hectares of prairie remains
(Sampson and Knopf 1994). Historically, the region was characterized by a migioftane
dry tallgrass prairies. Current land use in lowa is approximately 94% agratulvith corn
(Zea mays) and soybeang3{ycine max) as the primary crop types (Jackson et al. 1996).

A major component in the conversion of agricultural lands back to grassland habibaehna
the Conservation Reserve Program (CRP) of the United States Departmegntcaftére
(Johnson and Schwartz 1993). The goal of this program is to reduce solil erosion by
removing erodible farm land from production. This goal is achieved by offering

compensation to landowners who plant their marginal lands to perennial grasslands.
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Planting mixtures used in CRP vary widely in composition from cool-season, non-
native grass plantings to diverse mixtures of native forbs and grasses. Bhassostated
with planting and maintaining these different types of CRP plantings also vaeg.c8sts
range from approximately $50/ha for cool-season, non-native plantings, to amexlitse
cost of $285/ha for native warm-season grasses, to $2840/ha for a diverse mixeof nati
grasses and forbs (Prairie Seed Farms 2008). In addition, the cost of maintaioigg a m
diverse planting type is higher than the cost of maintaining a less divease (aly)
planting type.

Choice of CRP planting type influences both the composition and structure of the
resulting vegetation. Many studies have demonstrated relationships betwediubddree
and vegetation structure and composition (King and Savidge 1995; Patterson and Best 1996;
Delisle and Savidge 1997; Hughes et al. 1999; McCoy et al. 2001), however, individual
species may respond differently. For example, dickciSpeta(americana) abundance has
been associated with forb cover (Patterson and Best 1996) and tall, dense vegetation
(Patterson and Best 1996; Delisle and Savidge 1997; Hughes et al. 1999) in grassland
habitats. In contrast, bobolink¢lichonyx oryzivorus) abundance has been negatively
associated with both forb cover (Patterson and Best 1996) and vertical densgle (&ali
Savidge 1997). Because of differences in how individual species respond to vegetation
characteristics in grassland habitats, comparisons of overall bird abundameerbéifferent
types of CRP plantings may show no differences based on planting type despite having
significant differences in vegetation composition and structure (King anddgeat/995;
Delisle and Savidge 1997). Conservation of grassland birds as a group may require a

diversity of grassland habitat types (Ribic et al. 2009).
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Grassland bird food resources in the form of arthropods vary with plant diversity
(Jamison et al. 2002; Benson 2003; Leathers 2003; Harveson et al. 2004; Sutter and
Ritchison 2005). As a result, the choice of planting mix for a grassland restoraty
affect use by grassland birds. Comparisons of short-grass CRP fieldsasfderd that
arthropods in CRP plantings can provide important prey resources for grassisnd bi
(Mcintyre and Thompson 2003). Among the different exotic and native short-grass CRP
types studied in Texas, no differences in arthropod diversity or biomass were found
(Mcintyre and Thompson 2003). None of the short-grass CRP plantings studied, however,
had a seeded forb component, and none had arthropod diversities that were comparable to
native short-grass prairie (Mcintyre and Thompson 2003). Adding a forb componerto CR
plantings may increase invertebrate food resources for grassland msas(&nd Carrol
2007). For example, in Kansas CRP fields planted to native grasses, there avas not
relationship between forb abundance and invertebrate abundance or biomass (Hull et al
1996).

Given a strong relationship between vegetation type and arthropod food resource
availability, it is difficult to separate the effects of each factor aoh lse of grassland
habitats. For example, evaluations of bobolink territory quality in Oregon found that
territories of mated males had a higher percentage of forbs and higher leatebpihdances
than territories of un-mated males (Wittenberger 1980). Alternativelyeipitte barrens of
New Jersey, arthropod biomass was a better predictor of bird habitat use tharemefis
vegetation and regardless of vegetation type; bird abundance was higher in trédagher

arthropod biomass (Brush and Stiles 1986).
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The objective of our study was to compare bird use of restored grasslands planted
with seed mixes of varying plant species diversity. We wanted to compare birg/daingit
species richness and vegetation composition/ structure in each of the planting/Mgalso
wanted to examine the relationships between bird density/species richnesbitatd ha

characteristics such as vegetation structure/composition and food resailaieildy.

METHODS
Study Area

The Spring Run Wetland Complex is a mix of over 1600 ha of wetlands and
reconstructed grasslands located in Dickinson County in northwest lowa, USAar&is
managed by the lowa Department of Natural Resources and is one of thedzagesies of
a prairie pothole landscape in the state.

We selected 4 restoration/planting types for our study to encompassgbefan
planting mixtures typically available to land managers. The planting typaglected were
(1) cool-season - plantings of non-native, cool-season grasses (e.g.g. s Bbomus
inermis), timothy Phleum pratense), reed canary grasBlfalaris arundinacea), and
Kentucky bluegras$Ppa pratensis)), (2) warm-season - a mix of native warm-season grasses
divided into 2 groups by age of planting (e.g.g. switch gidasi¢um virgatum), Indian
grass $orghastrum nutans), big bluestemAndropogon gerardii), little bluestem
(Schizachyrium scoparium), and side-oats gramBdutel oua curtipendula)), and (3) high
diversity - a mixture of over 40 species of native grasses and forbs. Withindjeasta,
reconstructed fields were selected or planted in a block design, with each aintivegpl

types occurring in each block (Fig. 1). We surveyed a total of 6 complete blocks.
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Vegetation Composition and Structure

We surveyed upland vegetation at 25 m intervals along randomly located transects in
each field during May and July each summer in 2007, 2008, and 2009. The 2 rounds of
vegetation surveys coincided with peak height of cool season and warm-season grasses
respectively. We established vegetation transects in the fields indepemdd¢nd\bird
survey transects. The shape and size of the fields determined the number dbteantsec
therefore the number of survey locations (ranged from 24-30 survey locations perAield)
each survey point along the vegetation transect, we estimated the percewf ocaen-
season native grasses, cool-season native grasses, warm-seas@nass#s; cool-season
exotic grasses, native forbs, exotic forbs, standing dead vegetation, woody vegetaion, ba
ground, and litter in 0.5 m x 0.5 m Daubenmire frames (Daubenmire 1959). In addition, we
recorded the number of species in each of the 6 grass/forb categories listetb ajsi\ae
measure of species richness for each category within each field. \Weratwhtter depth
with a ruler and visual obstruction using a Robel pole in each cardinal directachat e
survey location (Robel et al. 1970).
Density Estimates

We surveyed grassland birds along 100 m transects in each field. We selectgd sur
transect locations to maximize the number of transects in each field. Tladigkape of
each field determined the number of transects (ranged from 7 to 10 transeaklpekie
placed transects only in upland vegetation, and we did not locate transects neagégldred
wetlands.

We conducted bird surveys in each field once per week for 6 weeks in June and July

of 2007, 2008, and 2009 following the line-transect method of Buckland et al. (1993). We
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conducted bird surveys between sunrise and 1000 hours and we did not conduct bird surveys
on days where weather conditions could have impeded visibility or audibility (rgimrfo
wind in excess of 30 km/hr). Surveys consisted of an observer walking along the taansect
a constant pace identifying birds by sight and sound within 35 m on either side of the
transect. For each observation, we recorded the bird species and sex (if known)tidm, addi
we used laser rangefinder binoculars to record the distance of the bird(s) fromettverobs
and the compass bearing. Compass bearings, transect bearings, and obskstatice
were used to calculate the perpendicular distance of the birds from thettlmesec
Invertebrate Abundance and Biomass

We sampled invertebrates using 12-inch diameter sweep nets in each field on 6
randomly selected 25 m long sections of the vegetation transects described above. We
completed 3 rounds of invertebrate surveys each year (2007-2009), in May, June, and July.
Sweep net samples were taken only on warm, sunny days between 1000 and 1800 hours. To
avoid trampling the vegetation on the transects, we off-set sweep net sampliogenteft
or right of the transect (randomly determined by a coin flip). Invertebrateyswroasisted
of an observer walking at a pace of 1 sweep per meter, sweeping the vegetatiot witbf
the ground. We placed invertebrate samples in 3.8-liter sized zip-top bags@ngtietion
of each survey. Immediately following sampling, we took the invertelsanples to the lab
and sorted them from vegetation debris using self-sorting tubes (Fig. 2)tebraés
samples remained in the tubes for 24 hrs. During the 24 hr sorting time, invertelerates w
drawn to the light end of the tubes and were carried down a funnel into labeled whirl-pak
sample bags filled with 70% ethyl alcohol for preservation. At the end of the 24ihgsort

time, we removed vegetation and debris and inspected for remaining invertebrates. W
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identified invertebrate samples to Order and then we counted, dried, and weighed each
sample to obtain estimates of abundance and biomass.
Data Analysis

To compare vegetation structure and composition among the 4 planting types, we
used Analysis of Variance (ANOVA) in SAS Version 9.1 (SAS Institute, Caty,lNSA)
with PROC MIXED. We treated year as a repeated measure with a REHEE®tatement in
SAS. We averaged vegetation measurements taken within each field withyeaachVe
conducted post-hoc pairwise comparisons among planting types using Tukey-Kramer
adjustments for multiple testing. To evaluate vegetation diversity, we @i@dwidnd
compared a Shannon Diversity Index value of the vegetation cover classeshfbelela To
calculate Shannon Diversity we used the formula:YHg*Inp;), wherep;=the proportion of
each vegetation cover class in each field. To provide a better visual represeasitdte
above differences in vegetation characteristics among the planting typegdve us
Correspondence Analysis (CA). The differences in vegetation characteaistong the
fields are represented as the physical distance in two dimensions (CA1 andf@agh
field with respect to the others on the ordination plot. Fields that are near one aawther
more similar vegetation characteristics than those that are more distidna plot.

We used program DISTANCE to estimate bird density (number of birds per ha) in
each of the 4 planting types. We used the Multi-covariate Distance Sampl{iigSM
analysis engine in program DISTANCE to evaluate models of the detectidiohsior
each species (Table 1). We considered detection function models that included a null mode
(no covariates) and combinations of 4 covariates in the set of candidate models vwsesk

(1, 2, 3, 4, 5, or 6 corresponding to the week each survey was conducted), planting type
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(cool-season, warm-season (new), warm-season (old), or high diversity)nglage (in

years — plantings 10 years were entered as 10 years), and management activity (O=none,
1=spot mow or spot herbicide treatment, 2=complete mow or hay, 3=prescribed fire). We
tested half-normal and hazard-rate key functions with automatic sequeleittioseof
adjustment terms. We selected the best model of the detection function fromahe se
candidate models by choosing the model with the lowest Akaike’s InformatitamiQmi

(AIC) value and a chi-square goodness of fit test p-valdd.0 for each species. We post-
stratified the data in program DISTANCE to obtain density estimates|dyafiel year.

We categorized bird species into obligate grassland species andifazgitassland
species based on habitat requirements (Vickery et al. 1999). Obligate spethesa that
will only use grassland habitats and do not use other habitat types (Vicker§ ¥
Facultative species are those that commonly use grassland habitats) maldsuse of
other habitat types (Vickery et al. 1999).

We tested for differences in bird density among the 4 different planting ixgoeg
ANOVA with PROC MIXED in SAS. Because each density estimate obtained from
program DISTANCE has a sampling variance, we weighted bird density by thsdrofeéhe
variance using a WEIGHTED statement in SAS. We tested differencesctoyear (2007,
2008, and 2009) separately. We also combined the data from all 3 years (2007, 2008, and
2009) by including year as a repeated measure with a REPEATED stater8&&. We
conducted post-hoc pairwise comparisons among planting types using Tukey-Kramer
adjustments for multiple testing.

We developed a set of a priori biological hypotheses of habitat covariatesgareom

models of breeding bird density (Table 2). For each bird species, we comparetfla se
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models using model selection and AIC to determine the best model from each set of
candidate models (Burnham and Anderson 2002). The hypotheses evaluated for each bird
response variable were represented by combinations of vegetation structuisijorege
diversity, food resources, native vegetation, grass cover, and managemeyt(getviable

2). We constructed the set of 5 candidate models individually for each bird respoalke vari

based on information about the species or set of species from the literature.

RESULTS
Vegetation Composition and Structure

Vegetation characteristics differed among the 4 planting types (3ablg. 3).
Cool-season fields contained very little native warm-season grass imgsampto the other
3 planting types, but cool-season fields had 3 times more cover of exotic cemt-geasses
than warm-season fields and 8 times more cover of exotic cool-seasors ¢jnasskeigh
diversity fields (Table 3).

High diversity fields had nearly 5 times higher percent cover of native tioabs
warm- season fields and 27 times more cover of native forbs than the cool-seldson f
(Table 3). In addition, high diversity fields contained 5 times more native forb spleare
warm-season fields and nearly 20 times more native forb species than cool-Belas
(Table 3). In contrast, cool-season fields contained far fewer exoticthaibshe other 3
planting types, all of which had about 5 times more cover of exotic forbs than cool-season
fields (Table 3).

Cool-season fields had lower vegetation diversity and lower plant spetiessscthan

all 3 of the other planting types (Table 3). High diversity fields had 3 times higtrer pl
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species richness than cool-season fields and about 1.5 times higher plas Splecess
than both of the warm-season planting types (Table 3).

Visual obstruction was lower in the newly planted warm-season fields than the of
other planting types, but the high diversity fields and the newer warm-sealsisrbioth had
more variation in visual obstruction among measurements within a field than th& othe
planting types (Table 3). The 2 mature planting types had nearly 6 times teor@dfith
than newly planted warm-season fields and about 2.5 times more litter depth thai the hig
diversity fields (Table 3). The 2 mature planting types also had a much lorwenpeover
of bare ground than newly planted fields (Table 3).

Bird Density and Species Richness

The most common bird species we encountered during our surveys were bobolink,
common yellowthroatGeothlypis trichas), red-winged blackbirdXgelaius phoeniceus), and
sedge wren(istothorus platensis). We detected an average of 32 bird species during our
annual surveys (38 species in 2007, 28 species in 2008, and 31 species in 2009). For all
years combined, bird densities of some species and some groups of specest atifieng
the planting types. Patterns of differences in bird densities in individualwesgssimilar
to those we found for all years (Appendix A). Therefore, we only present results of
differences in bird densities for all years combined (Table 4).

Obligate species density was highest in the cool-season fields.velowes trend is
primarily driven by one species — the bobolink. Bobolink density was 12 timesrgretite
cool-season fields than in older warm-season fields, 21 times greater thanyiplaated

warm-season fields, and more than 75 times greater than in high divelsisy(Tiable 4).
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Sedge wren density was also higher in cool-season fields than in newly plantege@son
fields, but species densities were not different among the other plantiisgTygide 4).

Facultative species density was lower in cool-season and newly plaam@dseason
fields than high diversity fields, however there were no individual species déesdies
were different among the planting types (Table 4). One additional spedibadha
differences among planting types was the song spai@wogpiza melodia). Although it
had generally low densities in all of the planting types, song sparrow densityigixr in
high diversity fields than in cool-season fields (Table 4).

Although there were some differences in bird species richness in the fiets2ofe
the study, there was no evidence of a difference in bird species richmasg the planting
types during 2009 or when all years were combined (Table 5). In 2007, facultatiesspeci
richness was higher in cool-season fields than in newly planted warrmsedds and, in
addition, the combined species richness of facultative and obligate speciegheasrhi
cool-season fields than in newly planted warm-season fields (Table 5). In 2008tebli
species richness was lower in cool-season fields than in newly plantedseason fields
and the combined species richness of facultative and obligate species was also doake
season fields than in newly planted warm-season fields (Table 5).

Habitat Models

We evaluated habitat models for 15 different bird response variables. Theigagetat
structure model was included in the model set for all 15 bird response variables, and in 6 of
the analyses, vegetation structure was included in at least one of the best duppdetis
(Table 2). Vegetation structure was included in the best supported models for seuge w

and common yellowthroats, and we found evidence that both visual obstriGien éewx
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0.024, 95% CI 0.008, 0.08,is.0bs.coye= 0.034, 95% CI 0.015, 0.053) and litter depth
(Br.a.sewr= 0.01, 95% CI 0.006, 0.018;4.cove= 0.007, 95% CI 0.002, 0.012) were positively
associated with density. In addition, visual obstruction was positively assbuwidh red-
winged blackbird densityB(isual obstructiom 0-029, 95% CI 0.001, 0.057) but was negatively
associated with the density of all speci&s(ai obstructior -0.381, 95% CI -0.754, -0.008).

Vegetation diversity was included in at least one of the best supported models in 5 out
of 12 analyses (Table 2). In fact, we found evidence that plant species rialasess
positively associated with grasshopper sparrow derfityip.rici= 0.073, 95% CI 0.032,

0.114), obligate bird species richneBsaf sp.ricti= 0.551, 95% CI 0.222, 0.880) and total bird
species richnes$ant sp.ricti= 0.855, 95% CI1 0.161, 1.548).

Two other hypotheses, food resources (9 out of 14) and grass cover (4 out of 6), were
frequently included in at least one of the best models (Table 2). We found evidenoctathat
grass cover was positively associated with bobolink derfi#y §rass 0.003, 95% CI 0.001,
0.006). Finally, we found evidence that native gragsgsd grass- 0.022, 95% CI1 0.007,

0.036) and native forb$(atve rors= 0.099, 95% CI 0.077, 0.122) were positively associated

with the density of all facultative bird species.

DISCUSSION
Vegetation Composition and Structure

Many of the differences we found in vegetation structure and composition were
expected based on the characteristics of the plant species used in each plantBigtar
to our results, previous researchers have found that warm-season CRP pladtimgkéra

species richness, more forb cover, and lower percent cover of grasses thsgasoal
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plantings (Henningsen and Best 2005). Few studies, however, have simultaneously
examined high diversity fields and cool-season and warm-season fields.

Delisle and Savidge (1997) compared bird use and vegetation on cool-season and
warm-season CRP plantings and found a few differences in vegetation cletrester
between the 2 planting types during the breeding season, primarily with vegetatioy densi
and vegetation height. In contrast, we found many differences in vegetatioctehstias
between our cool-season and warm-season fields (Table 3). However, we chd tiatfi
warm-season fields (either planting age) had significantly tallertaege than cool-season
fields. The cover classes presented by Delisle and Savidge (1997) and othdnroacdee
than those we measured (e.g. their forb cover vs. our native or exotic forb covey makin
specific comparisons difficult.

Native forb cover was 20 times greater in high diversity fields than inssasen
fields and 5 times greater in high diversity fields than in warm-season figtwee grassland
bird species, such as the dickcissel, have been associated with increaseddo (Patterson
and Best 1996), suggesting that increasing forb cover may provide better loalstahé
species. Additionally, grassland invertebrate biomass and diversitypbameassociated
with increased forb cover (Burger et al. 1993), suggesting that increabezbi@r in CRP
plantings may provide better food resources for grassland birds. Howeveid wot find
that bird densities were higher in our fields with increased forb cover (highsdy).

Similarly, neither bird abundance nor invertebrate biomass were ted&&h forb

abundance in Kansas CRP plantings (Hull et al. 1996).
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Bird Density and Species Richness

Bird densities were not consistently different among the 4 planting typmseusr,
bobolink densities were consistently higher on cool-season fields than any dféhe ot
planting types (Table 4). Negus et al. (2010) found that although bobolinks were using and
nesting in managed CRP fields, they were almost 3 times more abundant in undistufbed CR
fields that were comparable to the cool-season fields in our study. Sinokher
researchers have found that bobolink densities were higher in cool-season foeldgased
to warm-season fields (Delisle and Savidge 1997). Many of the early rnoe;mabl-
season CRP plantings are being converted to native warm-season or highygiearsitgs,
or are being managed to enhance vegetation diversity (Thompson et al. 2009, Negus et al.
2010). We expect that elimination of cool-season plantings may be detrinoathialftiture
of bobolink populations in lowa.

For most of the individual grassland bird species we examined, we found no
differences in density among the 4 planting types (Table 4). King and Savidge (128b) f
no differences in bird use (both richness and number of birds) between cool-season and
warm-season fields during the breeding season in southeast Nebraska. ySmailarl
differences in grassland bird abundance and/or species richness were faumganisons
between cool-season and warm-season CRP plantings in northern Misstem, $agth
Dakota, western Minnesota, or southeast lowa (McCoy et al. 2001; Bakker et al. 2004,
Henningsen and Best 2005; Bakker and Higgins 2009).
Habitat Models

Models of the relationships between bird density/bird species richness arad habit

characteristics showed that different species, even those within asspatggory, were
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influenced by different habitat characteristics. Many previous rdsmarbave found that
vegetation characteristics are important predictors of bird use of grdsslad that

responses tend to be species-specific. We found that the best models of dickciggel dens
included vegetation diversity (Table 2). In contrast, the best model for bobolinkydensit
included only grass cover (Table 2). Our findings confirm what others have found in the
past; dickcissels are positively associated with forb cover and bobolinks ateelgga
associated with forb cover in grassland habitats (Patterson and Best 1996,dDellis
Savidge 1997).

Our habitat models revealed that both vegetation characteristics and foodegssour
are important in explaining grassland bird densitResearchers have recently advocated for
the inclusion of information about food resources to better predict bird use of grassland
habitats (Benson 2003; Davros 2005). In fact, we found that food resource availability was
associated with density during the breeding season for 60% of the grassiiesykbies that
we examined. Our findings are similar to those of Davros (2005) who found that habitat
models for total bird abundance, total bird species richness, and common yellowdudgat, s
wren and song sparrow abundance were improved by adding information about food

resources.

MANAGEMENT IMPLICATIONS

Management of grassland habitat for grassland birds will not be successfuhunde
“one size fits all” approach. Instead, we conclude that a variety of plantingaiyges
management strategies may be necessary to conserve grassland birdsetlded@010)

advocated for management practices that would enable the inclusion of a ofiosaic



27

vegetation characteristics to provide the variety of habitat types necéssanultiple

grassland bird species. Additionally, Ribic et al. (2009) found that no single gohassla
habitat type would be adequate to conserve all grassland birds and that a varas$glahd
habitat types would be required. Recommendations about grassland habitat plantings have
advocated the use of native grass species over non-native grasses (Allemd388)ding
single-species plantings of native or non-native grasses (McCboy804). However,

given the importance of cool-season grass plantings for bobolinks in our studgecatign

must be given to the impact that elimination of these plantings may have on thefuture
bobolink populations. Future research is needed to assess whether the inclusionooiadditi
native cool-season grass species into grassland plantings will provide theangces

vegetation structure for bobolinks.
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Spring Run Study Sites
Planting Type
|:| Cool Season
|| Warm Season (New)
{2 1 I \arm Season (Older)
4,200 Meters |~~~ High Diversity

Figure 1. Study $&s were located in the Spring Run Complex in Diskn County, lowe
USA in 2007, 2008, and 2009. Solid white polygoricate sites that were planted w
cool-season grasse&0 years ago, solid light grey polygons indicatessthat were plante
to warm-seasograsses between 2005 and 2007, solid black polyigoicate sites that wei
planted to warm-seas@mnasse>10 years ago, and hatched light grey polygons atdisites
that were planted with a high diversity seed mitaen 2005 and 2007.lack rectangle
indicate study site blocking.
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Figure 2. Invertebrate sedbrting “tubes” used to sort invertebrates colldataring swee|
net sampling from vegetation debris. Invertebrarapes collected during sweep
sampling were placed in 1 gallon sized-top bags at the completion of each sur
Sample bags were cut open and placed into thedfagkch tube. Invertebrate samg
remained in the tubes for 24 hours. During théa@dr sorting time, invertebrates we
drawn to the light end of the tubes and were cami@vn a funnel into labed whirl-pak
sample bags filled with 70% ethyl alcohol for presg¢ion. At the end of the 24 hour sorti
time, vegetation and debris were removed and iniegdor remaining invertebrat:
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Figure 3. Correspondence Analysis ordination plots of vegetation characteristics naei@sure
2007, 2008, and 2009 in the Spring Run Complex, Dickinson County, lowa, USA. Cool-season
fields are indicated with C’s, warm-season fields are indicated watfionewly planted and

O'’s for mature fields, and high diversity f